To test the hypothesis that dietary fats may improve tractability of horses, the effects of four total mixed diets on behavior were compared. The control diet (CON) contained chopped hay, corn, oats, beet pulp, molasses and a mineral mix; the three test diets contained an additional 10% (by weight) corn oil (CO), soy lecithin-corn oil (SL-CO), or soy lecithinsoy oil (SL-SO). Eight horses were fed each diet in random order for four 3-wk periods. Behavior was observed during the last week of each feeding period. Spontaneous activity was evaluated using a pedometer and was less in horses fed SL-CO than in controls ( P = .022). Reactivity was evaluated as responses to pressure, loud noise, and sudden visual stimuli. Compared with results for control horses, reactivity was less in horses fed SL-CO during the visual stimulus test ( P = .036), in horses fed CO in the noise test, the pressure test, and the visual stimulus test ( P = .093, .108, and .116 respectively), and in horses fed SL-SO during the visual stimulus test ( P = .108). These results provide the first quantitative evidence that dietary fats reduce the activity and reactivity of horses.
Introduction
Rapidly fermentable carbohydrates have been implicated in certain diseases and digestive disturbances of horses (Sprouse et al., 1987; Clarke et al., 1990; Potter et al., 1992a) . They have also been suggested to cause so called "hot" or excitable behavior (Greiwe et al., 1989; Kohnke, 1992) though not in controlled experiments. Dietary fats have been proposed to reduce the risk of the above problems and to enhance exercise (Potter et al., 1992b; Kronfeld et al., 1994) . Mean race times have been decreased (Harkins et al., 1992) and muscle glycogen utilization has been increased (Scott et al., 1992) in Thoroughbred horses fed a fat-supplemented diet. Dietary lecithins fed to other species have improved athletic performance (Conlay et al., 1992; von Allworden et al., 1993) and behavior (Growdon et al., 1978; Gozzo et al., 1982; Bell and Lundberg, 1985) . Lecithins may affect behavior by increasing plasma concentrations of choline, which would increase levels of acetylcholine in the brain (Mauron and Leathwood, 1987; Canty and Zeisel, 1994) . Our objective was to compare spontaneous activity and reactivity of horses fed diets containing corn oil, soybean oil and soy lecithin during the course of a digestibility trial (Holland et al., 1993 (Holland et al., , 1995 .
Materials and Methods
Four geldings and four fillies of mixed light breeds, aged 2 to 4 yr, were randomly allotted to four diets in a replicated 4 × 4 Latin square design. Horses were kept in 8.5-m 2 stalls overnight and during morning and evening meals and were in a dirt exercise paddock most of the day. Water was available free choice in stalls and paddock. The total mixed diet was fed as two meals and adjusted to maintain body weight, which was measured weekly.
The control ( CON) diet (Table 1 ) consisted of chopped mixed grass hay, equal parts corn and crimped oats, beet pulp, cane molasses and a mineral mix. It was formulated to exceed minimum daily requirements of 2-yr-old, 450-kg horses at rest (NRC, 1989) . The test diets also included corn oil ( CO) , a Table 2 . Chemical composition of diets a a CON = control diet; CO = corn oil-containing diet; SL-CO = soy lecithin-corn oil-containing diet; SL-SO = soy lecithin-soy oil-containing diet. Table 2 (AOAC, 1990). Each test period lasted 3 wk; the entire experiment lasted 12 wk. The diet was introduced gradually during the first week of each period. Spontaneous activity and reactivity to a stimulus (Ralston and McKenzie, 1992) were tested during the last week and on the last day of each period, respectively. Spontaneous Activity. Spontaneous activity was recorded with a pedometer (Trail Tale Horse Pedometer, Kel Instruments, Wyckoff, NJ) placed on the left front pastern of the horse during the last 5 d of each period. Readings were taken (km) and the pedometer reset each morning. Because each horse served as its own control for comparison, no attempt was made to standardize all pedometers. Horses were observed daily, and any excess activity (racing around the paddock or excessive restlessness in stalls) was recorded.
Reactivity. Reactivity was evaluated by response to pressure or a startling stimulus. Response to physical pressure was determined by use of an apple penetrometer (Effegi Fruit Tester, McCormick Fruit Tech, Yakima, WA) the last day of each period. The penetrometer measured pressure applied to a specified point directly in front of the jaw and near the point of the hip on the flank until the horse moved away from the pressure. All horses were tested at both areas, and the same person applied the pressure to make the test as standardized as possible. The probe of the penetrometer was placed lightly against the skin of the animal and then pressure was applied. Horses were accustomed to being groomed and handled and were therefore used to having the tester present.
Startle reaction was elicited by visual or auditory stimuli. The horse was walked a distance of 6.1 m and the time to walk this distance was recorded. The horse was then walked along the same path but a stimulus was applied approximately halfway along the path. The horse looks in the direction of the stimulus but has no other reaction. 3
The horse jumps when the stimulus is applied but does not try to run away. 4
The horse jumps away from the stimulus and tries to leave. 5
The horse completely loses control and tries to flee or refuses to move from the spot. Figure 1 . Seven of seven horses displayed more spontaneous activity when fed the control diet (CON) than when fed the soy lecithin-corn oil-containing diet (SL-CO) (P = .023) Figure 2 . The time to travel 6.1 m was increased by a startle response to an umbrella in six of seven horses fed the control diet (CON) but in none fed the soy lecithincorn oil-containing diet (SL-CO) (P = .036).
The same handler was used for all horses during all periods. The stimulus was a brightly colored umbrella opened abruptly in the visual test and a rattle of coins in a metal can in the auditory test. The tests were conducted at different sites, and the order of the tests was altered from one trial to the next. The horse was also given subjective scores (Table 3 ) on its reaction by two assistants blind to diet.
Data from the behavior tests were compared by the Wilcoxon signed rank test (Snedecor and Cochran, 1980) . This nonparametric test allows each horse to serve as its own control so that inherent differences among horses would not distract from differences due to diet.
Results and Discussion
The horses remained in good health throughout the experiment. One horse refused one diet and was omitted from the statistical analysis.
Spontaneous Activity. When horses were consuming the CON diet, they were more active ( P = .022) than when consuming the SL-CO diet (Figure 1 ). Less spontaneous activity was found previously in mice fed lecithins (Gozzo et al., 1982) . Rats receiving supplemental lecithin also showed decreased spontaneous activity (Bell and Lundberg, 1985) . The potential beneficial effects of lecithins in decreasing spontaneous and unnecessary movement have also been observed in humans. Humans with tardive dyskinesia often have abnormal, involuntary choreoathetotic movements involving the tongue, lips, jaw, face, extremities and occasionally the trunk (Gelenberg et al., 1979) . In several studies, lecithin supplementation has suppressed these excessive movements (Growdon et al., 1977; Gelenberg et al., 1979) .
Reactivity. When consuming the CON diet, horses required less pressure at the flank to elicit a response ( P = .108) than when consuming the CO diet. When pressure was applied to the jaw area there were no significant differences among the horses when consuming the various diets. When Standardbreds were fed a diet containing 15% soybean oil, they had lower heart rates during exercise and while recovering from an exercise bout than when they consumed a diet containing higher levels of rapidly digestible carbohydrates. These results also lend support to the suggestion that horses consuming fat-supplemented diets are less reactive and have lower levels of excitability and anxiety than horses consuming a more traditional grain-based diet (Pagan et al., 1987) .
Horses tended to receive lower subjective evaluation scores on the reactivity tests when consuming the fat-containing diets than when consuming the CON diet. In response to the umbrella opening, horses received a lower score ( P = .108) when fed SL-SO than when fed CON. A longer time was taken to complete the walk by six of seven horses in response to the umbrella when consuming CON than when consuming SL-SO ( P = .108) (Figure 2) . Similarly, fewer and smaller increases in time were observed in horses excited by the umbrella ( P = .116) or can of coins ( P = .093) when fed CON compared with CO.
These results, though not entirely consistent, provide the first quantitative evidence in support of an effect of dietary fat on excitability of horses as previously postulated on the basis of incidental observations in exercise experiments (Greiwe, 1989; Pagan et al., 1995) .
Implications
Collectively, these results suggest that the diets supplemented with soy lecithin and corn oil reduced activity and excitability. More trends than significant differences were found, so these results need to be confirmed. Questions about tractability and attention span are of great interest to riders and drivers and call for more direct quantitative tests that mimic competitive events more closely. Other methods of evaluating behavior and reactions also need to be developed.
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